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.  IntrOdUctioh

2| HC 1s coming soon.

‘The MSSM is one of the most motlvated
kCandldates for the beyond the SM.

(To;list “well-motivated” models
with simple parameterization 1is
\still 1mportant.

= _
If the model predicts distinctive
\‘features, so much the better.

J
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IntrOdUctioh

Sweet Spot{Supersymmetry

&

Direct COuplings.between Higgs and Hidden Sectors

\.

Gauge'Médiation Model for Gaugino'+'Matter

_I_ I.

- (p-term + Higgs-soft masses)

~

©
®

©
®

©
®

©
®

No p-problem, No SUSY CP-problem
MSSM 1s détermined by three parameters
Distinctive Spectrum

Consistent gravitino DM scenario
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Part I

How it’s made and'How if.works; 



SUSY Breaklng & Medlatlon Mechanlsms

S Let us assume that the SUSY 1S malnly
broken by an F-term of S8, g bl

scalar // \\\

Goldstlno F- term

(non vanishing)
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SUSY Bredking & Mediation Mechanisms

S Let us assume.thdt the SUSY 1is mainly
~ broken by an F-term of S = (s,v¢g, Fs) .

2 In terms of © , we can write down an
effective theory of SUSY breaking sector;

i N

. ST1.5)2
K =SS _( ) Lo
_ A2 LN
W = m?28 N P
= /f \ _ /. Higher oder terms
Tadpole term for A is the mass scale of

SUSY breaking the massive fields.
4/33% .



SUSY Breaking & Mediation Mechanisms

~

[ (ST5)2
A2

gt
| W = m2S
\ 3k

| L] ] o
|

8 'F—te'r'm' ' (Fo) = m2
(Fs)

5 (Fs)
S Gr'av1t1no CGoldstlno) m3/2 e
luP

5 Scalar mass g = 2

e

We can discuss physics of hidden sector below\
the scale A, with this effective theory with
_only two parameters (a2, A).
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SUSY Breaking & Mediation Mechanisms

% The origin of ungino masses are classified
by how S couples to gauge super'multiplets

W s f(S)WW,
S Gravity Mediation |

J(S) 2 Mp — mgaugmo 7 <]\4i>> O(m3/2) '

~

(This choice of f(S) suggests that S cannot carry
any charge. ——

Gravity mediation scenario also suffers from
| and :
@ : : _/
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SUSY Breaking & Mediation Mechanisms

* The origin of ungino masses are classified
by how S couples to gauge supermultiplets
_ ' W s f(S)WW,
-8 Gauge Mediation |
(after integratihglout the messenger:particles),
2 N\ -
(5) = £ms log 5
- e e ogllee | oy -Afp(j( )
B e ) Ui e

" S can be charged field —

Gauge mediation scenario also solves
\_ :

/33



SUSY Breaking & Mediation Mechanisms

S What’s Lgelgle w1th Gauge Medlated Mode17
11/ Bt -Problem

i

Supersymmetrlc. SUSY breaking
Higgs mixing term Higgs mixing. term
W aHHy. - L>BuH,H,

‘From naturalness of EWSB, both two
parameters are required to be comparable
to or less than the weak scale.

\

8/33



SUSY Breaking & Mediation MechaniSms

"M What’s wr'ong w1th Gauge Medlated Mode17 .

® Many attempts end up with too large B-term.

_ /B,u Problem
= i)

o Lo fs)
- (4m)2 (s)
S BM (Fs)

o B

O(mgaugino)

o (47T) : O (mgaugino)

\

J

YEE



Sweet Spot Supersymmetry

et .
| Gauge Mediated SBSY masses to Gaugino + Matter

_|_

Direct couplings between Higgs and Hidden Sectors

\.

(p-term + Higgs soft masses)

~

o
®
o
)
©
)

©
®

No'u—problem, No CP-problem |
MSSM is determined by. three parameters
Distinctive Spectrum

New production mechanism of gravitino DM
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Sweet Spot Supersymmetry

In terms of S, SSS is given by,

. )
: (STS) . UL b
B ‘ﬁs v - _
Fo BHLHS S onSTS(HAE, L HIE,)
+< [ = +h.c.)— A2

; - 4g - . ;
+<1 (4 ji C’z(lg]S])><I><I>

i WYukawa + m2S + wy

e
| +<:f— )kgS)MﬂM@

2o g A )=
5= L8 iy
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Sweet Spot Supersymmetry

In terms ofﬂs; SSS is given by;

o 2
e g - ik
K:é“TS— ( AQ)}—' SUSY breaking sector

\




Sweet Spot Supersymmetry

In terms of S' SSS 1s given by;

[

, (= STS
l(:tﬁs ]«———— SUSY breaklng s%ctor
V(s) = mgls|* —2m>|wols
supergravity
mA
mS — 4A2
W= (m?S +wy ) wol = m*Mp1/v/3
V3 A® [
N [’06 R.Kitano]
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Sweet Spot Supersymmetry

In terms of S' SSS 1s given by;

[

, (= STS
l(:tﬁs ]«———— SUSY breaklng s%ctor
V(s) = mgls|* —2m>|wols
supergravity
mA
mS = 4A2
W= (m?S +wy ) wol = m*Mp1/v/3
[ ((V) = [m?|* = 3|wol* = 0)
| 3 A?
V3 A2 5 <S> {M
e b s H(Fs)0 P
N [’06 R.Kitano]

13/33



| Messenger particle (5,5%)

W =kLSUU

Messenger Mass
Mmess = k<5>

mass splitting of

<k2\<8>|2 kF )
kE* K(s)

messenger bosons

> k()] £ |kF|




Q




Swéet Spot Supersymmetry

In terms of S; SSS 1s given by;

(




Sweet Spot Supersymmetry

In terms of S; SSS 1s given by;
é | 2
e |

cmS%@h@_FhC> crSTS(HIH, + H Hy)

/+< A p2

= , ' .- . B S>. ﬂ%g)

| - - B = O(mg,2)

» small CP-phase

Approximate U(1l)-symmetry
S:+2 H,:+1 Hg:+1




Swéet Spot Supersymmetry

(K STS—(SAE) | \_
Gauge Mediated masses %<cusifuﬂd+h.o)(:Hs-rsw;f;w;m,

2 2
g Mp
Giudice-Masiero mechanism + U(1)-symmetry W E Wy (75 F00)

po fmit, ol o~ mayo (T) Lo = &9 S

B = 0(ms);) sy NO CP=problem

Sweet Spot (c, = Ogl))

Mgaugino ™ U ==p A~ (497_‘_)2 Mp s A~ MGUT:

Mgaugino — 0(100) GeV sy m3/2 = O(].) GeV f
' these are supported by

gravitino- DM produced
by the decay of “s”.

Free Parameters
[\_ CHL T

2
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Swéet Spot Supersymmetry

(K e ek e (515) . \
A2 :
Gauge Mediated masses , (R ) S, 3 HID)
g° Mp '
mgaugino = Mgcalar = (47T)2m3/2 T
Giudice-Masiero mechanism + U(1)-symmetry W E Wy (75 F00)

Mp
[L::|Tnfﬂhdlﬁd7n3/2 A

Vi e o AT SRR N
= (= == log 3)) wow, -
= <92\\<4wv Og,>

73 A2
\f$:¢aMp1ﬁHB Y,

B = 0(ms);) sy NO CP=problem

Sweet Spot (c, =Ofl1))

Mgaugino ™ U ==p A~ (497_‘_)2 Mp s A~ MGUT:

Mgaugino — 0(100) GeV sy m3/2 = O(].) GeV f
' these are supported by

gravitino- DM produced
by the decay of “s”.

Free Parameters

2
Mg fb My, , M3/2 Mess
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Swéet Spot Supersymmetry

(K STS—(SAE) | \_
Gauge Mediated masses %<cusifuﬂd+h.o)(:Hs-rsw;f;w;m,

Vi 2
Mgaugino = Mlscalar = (47T)2 ms/2 A

Giudice-Masiero mechanism + U(1)-symmetry W E Wy (75 F00)

Mp
[L::|Tnfﬂhdlﬁd7n3/2 A

Vs oo 7 AT SRS
—{— —= log S)| W Wy *
5 (o g ) W

2 \ g2
73 A
\f$:¢aMp1ﬁHB Y,

B = 0(ms);) sy NO CP=problem

Sweet Spot (c, =Ofl1))

Mgaugino ™ U ==p A~ (497_‘_)2 Mp s A~ MGUT_

Mgaugino — 0(100) GeV sy m3/2 = O(].) GeV f
' these are supported by

gravitino- DM produced
by the decay of “s”.

Free Parameters (EWSB)

Mg R, 73/2 Miness
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Swéet Spot Supersymmetry

(K STS—(SAE) \_
Gauge Mediated masses2 %<cusifuﬂd+h.o)(:Hs-rsw;f;w;m,

Mp

(%)

Giudice-Masiero mechanism + U(l)-symmetry

Mp

)
B = O(m3);) sy NO CP=problem

Sweet Spot (c, =O(l))

9
Mgaugino ™ W ==p A~

Mgaugino = Mlscalar =

(47_‘_)2m3/2

o= |mHu,d| ~ M3 /9 (

/

Free Parameters (EWSB)

mg o %u,d m3/2‘m

19/33
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\
A
p-

C 4 caoeis)) ote
G \C @t >(log | |)/

" W= Wyukawa

08 b (R RS NSO
D) (.q?\& P B 5) s
B A
=) =\ a1, % >,
\

L ow energy .
phenomenology)




How sweet 1s the sweet spot?

Gauge Mediated masses

i 2
Mgaugino = Mlscalar = (47_‘_)2 ms/2 A

Giudice-Masiero mechanism + PQ-symmetry
Mp
M= |mHu,d‘ ~ ms3/2 A

gravitino Dark Matter

3/2
9 m3/2 3/2 A
/2l = 0.1 % (500 MeV) (1 x 1016 GeV
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How sweet is the sweet spot?

Gauge Mediated masses
2

Mgaugino = Mlscalar = me { Sweet SpOt)
Giudice-Masiero mechaniss

Mp
M= |mHu,d‘ ~ M3/ A

gravitino Dark Matter

mga  \3/2 (
Q= oh? = 0.1
3/2 % (500 MeV)

>
O
O,
<




Summdry of the model building

S U(1) symmetric Giudice Masiero terms

(51.5)?
B oo
¢,SH,Hg e SYS(HIH, + H' Hy)
5 + h.c. | — 12

S Small breaking of the U(1) symmetry

W = m?2S + mg/zMJZD > SUSY & R
® Gauge Mediation via W = kSyn)

Sweet Spot

Meoaugino = Mlgcalar =
gaug (47.‘-)2

Mp m3/2 = 0(1) GeV

p~mp, | ~ms/s ( A
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Phenomehdlogy:'.



Typical'Mass Spectrum

. . Giudice-Masiero
Schematic Picture Mechani sm

GUT scale
physics

(UC1)-sym)

Weak Scale

P — Mscalar ‘ kaf
RG E mgaugino Messenger

Mmess — k<3> A~ 1016G6V

Two mediation scale — Peculiar spectrum
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Typical Mass Spectrum

1200

1000 _
(Ma ]wmeSSa ]\[)

= (300, 10", 900)
600 [GeV]

400 75 tan ﬁ = 37

200

800

S
o
S
n
b
3]
2
3]
S
I
S
@
o
(2]
(2]
@
S

mass parameters [GeV]

Do
LG affect other scalar masses

between A and M, ess
> SSS predicts light stau (de,u > 0)
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'Typical'Mass Spectrum

An example of UV-model
o 5 &
_ (518)2
KE=fifo~0
cﬁ%m+h._%ymmm+@my
. e S A2
\ | _ J

‘(One—loéplcalculation)

K
VVS:=7n25“+3559(2%-A[XY)(Y’, 0’Raifeartaigh Model

WHiggS — hH’qu - EquX - quq ) (U(l)‘sym)

These superpotentials can be embedded into a product group
GUT "model (SOC2)XSUC5). or SOC6)XSU(C5)) [’@6 R. Kitano].

EEERERN T MXY ~ Mq'_N MGUT e 1016G6V
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Typical Mass Spectrum

An example of UV-model
G )
. (875)°
KE=gif =0
e, SHIH, cuSTS(HIH, + HIH,)
7 e e T e e

~ .




Typical Mass Spectrum

An example of UV-model
G | )
| (S15)2
KE=fifo~0
Cﬁm&}h (enSTS(H{H, + HIHY) |
A = A2
\ D

WHiggs = hH,qX + ]_'LquX —+ quq :
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‘_;fypicaleass Spectrum '

- An example of UV-model

(515)2
A2

e ;
AR g
"

+(%gﬂih#h@>—¢HyS(

A

HiH, +HHy)

A2

J

_Pehtuﬁbdtive example

2

)

24/33

”,mHu,d >0 —— light Stau

”?H@g ~'(1—Idop), [L~l(1—100p)

| - 1/2
e M/WIHﬁd ~ (1-1loop)



Typical'Mass Spectrum

Prediction of (simple pertUrbative) SSS

M =900 GeV M = 900 GeV

® stau mass bound

stau mass bound

my; = 170.9 GeV ® stau mass bound my; = 170.9 GeV my; = 170.9 GeV
50

15
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
u [GeV] u[GeV] u[GeV]

_1ght- Stau
'1ght Higgsino

‘Large tanf -
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LHC Signatures

‘Sweet Spot Supersymmetry

Three Low energy parameters (Myﬂfmaﬁ Af)

b

mgauglno = g M '

1%

We can reconstruct model parameters
by measuring three masses.
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LHC Signatures

Benchmark Point

— > Stau NLSP(116GeV)
' (lifetime 0(10000)sec.)
el
t ot

Bino Higgsino Wino

—— gluinos, squarks ~ 1TeV

~

([ o(pp — 55,34,39) = 1.4pb |
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LHC Signatures

Decay modes

stable, charged tracks

(80~100%

Typical Event at LHC
(;Many b/T-jets + low-velocity 2 charged tracks)

28/33



LHC Slgnatures

Stau Mass Measurement

measured‘from”__
| charged track

- [ m-_7~'1 6 1 . |
e ﬁyfT‘\\\\\\\\\§[t1me of fllghfl

measurement

-

- [’00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi]

For Mz, =~ 100GeV stau mass can be
measured with an accuracy of 100MeV.

N

o

J
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LHC Signatures

Reconstruction of neutralino masses

@4— charged track
X(1),2,3<
+— We use hadronic decay mode of T
(

30T60%) [’98 Hinchiliffe & Paige]

s

N

Select events with 2 stau candidates.
(one of them should be slow [y < 2.2 )

EN

Select events with 1 tau-jet candidate.

J
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LHC Signatures

—
| O
o
o
o
\
=
<)
@)
1O
~~
N
+
e
[}
>
£

HERWIG+TAUOLA+AcerDET

42.900 (30fbY) SUSY event

Entries 2000 : !
l After triggering
Mredge = 1044 2 [GeV] and selection

om =342 [GeV] 2000 event candidates
(vl Main background
N1 o, =13+ 4 [GeV : .
o Wrong combination of tau-stau
mf%Milﬁkw . We chose ‘a stau for the smaller

invariant mass. (efficiency 70%)
Miss-tagging of non-tau-jet

tau-tag efficiency 50%

mis-tag probability 1%

(437 events are mis-tagged events)
i

| : 050
We can determine masses of X1, X2
with an accuracy of 0(5)%.
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LHC Signatures

HERWIG+TAUOLA+AcerDET
Neutrinos carry away
part of energy.

( F 500 smearing factor (fit):
: o = 0.072 £ 0.003

Entries 2000

Meqge = 194 & 2 [GeV]
Om =3+ 2 [GeV]

80

Entries

Medge = 279 £ 3 [GeV]
O = 13+ 4 [GeV]

(o)}
o

Medge
=314+ 1 [GeV]
om=1%£1[GeV]

>
o

—
| O
o
o
o
\
=
<)
@)
1O
~~
N
+
e
[}
>
£

—
|

(@)
faramt

~
>
<5}
O
Lo

~
)
e}
=i
L
>
S|

200 300

M Fr [G(‘\"‘r]

| : 0
We can determine masses ole1ﬂX8
with an accuracy of 0(5)%.
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LHC Signatures

Parameter Reconstruction
(mxg,Q e M) M)

M =900 GeV

unstable vacuum

.
@
o
C
@
173
[%2]
o}
&

Q
c
S
>

IS
[}
It
&

@ 7% | 3
Ap ~ 20 GeVo. AM ~ 50 GeV
\A 16815 Misess ~ 0:2

=7,

Consistency Check
Prediction of M4

unstable vacuum

(MA — 745 4 40 Gev) :

We can perform non-trivial check!
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Summary

Sweet Spot Supersymmetry
- Gauge Medlatlon + Gludlce Masiero Mechanism
' ' (+U(1) symmetry)

e nggs doublets dlrectly couples w1th H1dden
~ Sector at the GUT scale! S Sl

| No surprlse since Higgs .doublets always
. requ1res spec1al 1nteract10ns at the GUT scale!

'1‘M The small breaklng of the U(l) symmetry
trlggers the SUSY breaklng'
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Summary

Sweet Spot Supersymmetry

- Gauge Medlatlon + G1ud1ce Masiero Mechanism .
' ' (+U(1) symmetry)

__,@*No M- problem No CP- problem

nght Stau + Light H19951no

~Collider signals are. dlfferent from
~minimal gauge mediation.

MSSM 1S determlned by three parameters

We can perform con51stency
check of the model at LHC.

_§.CSUccessFu1 gravitino dark matter)
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AcerDET

Isolated Leptons, Photon
Isolated from other clusters by AR = 0.4.

Transverse energy deposited in cells in a cone
AR = 0.2 around the cluster 1s less than 10GeV.

Jet

A cluSter 1s recognized as a jet by a .cone-based
algorithm if it has pT > 15 GeV in a cone AR = 0.4.

Labeled either as a light jet, b-jet, c-jet or T-
jet, using information of the event generators.

A flavor independent calibration of jet four-momenta

optimized to give a proper scale for the di-jet decay
of a light Higgs boson.

Al



Smearing of Stau momentum/velocity-

resolution of the stau velocity
3 = 2.8% x 8.

sagitta measurement error

g’ﬁ) = 0.0118% x (ps, /GeV),
T

multiple scattering effect

B!
2 3

1

fluctuation of energy Loss 1n the calorimeter

"g’—f‘) = 89% X (ps, /GeV) ™1
1




Event Selection

Triggering [’99 Atlas Collabolation]

one 1solated electron with pT > 20 GeV;
one isolated photon with pT > 40 GeV;
two 1solated electrons/photons with pT > 15 GeV;
one muon with pT > 20 GeV;
~ two muons with pT > 6 GeV;
one isolated electron with pT > 15 GeV . .
+ one isolated muon with pT > 6 GeV;
one jet with pT > 180 GeV; .
three jets with pT > 75 GeV;
four jets with pT > 55 GeV.

Isolated electrons/photons, muons and jets
1n the central regions of pseudorapidity
Inl < 2.5, 2.4, and 3.2, respectively.

Staus with By > 0.9 as muons in the simulation of
triggering.[’06 Ellis,Raklev,Oye]

A3



Event Selection

Two stau candidates for neutralino reconstruction
(consistent with measured stau mass)

5/ —0.05 < 6meas < ﬁ/ +0.05 , Both have' pT>2®GeV, BY>_®.4 :

5,__V/§——7(5—————;3 One of the stau candidates
=/ Pmeas/ (Pineas 7, must have By<2.2

M. g >800GeV . SM background negligible

[’00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi]

One tau-jet candidate

pT>40GeV

tau-tag efficiency 50%
mis-tag probability 1%

A4



Part IIT

‘Natural Gkavitiho Dark'Matter' 



- Natural Gravitino Dark Matter

Mgluino ) 2

1TeV

TLlﬂﬂ LuﬂDOr ature
d DM density.

)

:)v—‘
(D

In our'model, the scalar component of the SUSY
breaking multiplet provides the gravitino.

Gravitino Dark Matter density is
determined by low-energy parameters

1/9



- Natural Gravitino Dark Matter

Scenario

m4

| V(s) =~ mz|s|® —2m?2|wo|s A2
wo| =~ m2Mp/V/3,

)" Gooniew)

1. During Inflation |s| = O(A ~ Mcur):

mfg:4

3 /2
500 MeV

Mpino

200 GeV

mg ~ 400 Gev(

2aviee mye - s starts'oscillating about 1ts vev

3. s decays i1nto MSSM particles and gravitinos

2/9



- Natural Gravitino Dark Matter

Scenarin

2aviee mye - s starts'oscillating about 1ts vev

3. s decays i1nto MSSM particles and gravitinos

3/9



Natural Gravitino Dark Matter
Branching ratio

Higgs modes (main mode for ms > 2 X my )

GMSB effects

—11 m
TS:5><10_5sec><N_2( s ) ( 3/2

400 GeV 500 MeV

Gravitino modes

_ 1 mS ms 2
/2 967TM1;2,1 m3/2




Natural Gravitino Dark Matter
Branching ratio

Higgs modes (main mode for ms > 2 X my )

GMSB effects

—11 m
TS:5><10_5sec><N_2( s ) ( 3/2

400 GeV 500 MeV

Gravitino modes

_ ms "6/ mgz \Y
Baro =2 x 100 ( ) ( )
3/2= 47 * \100GeV 500MeV




- Natural Gravitino Dark Matter

Gravitino abundance

yield of the gravitino

n32 3 Ay

T:Zm—SBS/ZXQ, Td20.5XFHMP13 7B3/2:F3/2/FH

mass density parameter of gravitino

Slw2h2zzuﬂ9><(__IE§__)‘3”3(_lﬁi@__)S

400 GeV 500 MeV

Qcpvh? = 0.10 + 0.02
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- Natural Gravitino Dark Matter

Gravitino abundance

yield of the gravitino

n32 3 Ay

T:Zm—SBS/ZXQ, Td20.5XFHMP13 7B3/2:F3/2/FH

mass density parameter of gravitino

o (2 YA Y

500 MeV 1 x 1016 GeV

Qcpvh? = 0.10 + 0.02

5/9



- Natural Gravitino Dark Matter

Sweet Spot (again)

gravitino Dark Matter

Qy/5h% = 0.1 S —
a2l =01 x (5 s) (1 X 1016 GeV

Gauge Mediated masses

2 2
Mgaugino = Mlscalar = J ms/2 %
(47)? A

Giudice-Masiero mechanism + PQ-symmetry

Mp
M= |mHu,d| ~ M3/2 A

0/9



- Natural Gravitino Dark Matter

Sweet Spot (again)

gravitino Dark Matter

Mg \3/2 \ 3/2
Q3/2h2 = 0.1 x (
(500M6V> {Sweet SpOt)

Gauge Mediated masses

Mgaugino = Mlscalar =
Giudice-Masiero mechanis 10"}

S
Mp 3
w2 mpy, | ~ mg) A < s




Natural Gravitino Dark Matter
The abundance of the stau from the S-decay 1, < Tf'

For nio™%(gv) > H

,7";

—s Staus still annihilate

N C
y - <O'”U>MPLTd

instantaneous annihilation
stops at mean free path > Hubble length

n{:vhermal C
cf. u ~ ~
<O'”U> MPL Tf

Tf ~ mNLSp/QO




Natural Gravitino Dark Matter

The abundance of the stau from the S-decay fTQ<<<fT}'

For nio™%(gv) > H

,7";

—s Staus still annihilate

instantaneous annihilation

stops at mean free path > Hubble length

enhanced!

/9



Natural Gravitino Dark Matter
The abundance of the stau from the S-decay 1, < Tf'

For nio™%(gv) > H

,7";

—s Staus still annihilate

N C
y - <O'”U>MPLTd

instantaneous annihilation
stops at mean free path > Hubble length

by using

:chermal ~ 10— 13

F




Natural Gravitino Dark Matter

The abundance of the stau from the S-decay 1, < Tf'

For nio™%(gv) > H

,7";

—s Staus still annihilate

instantaneous annihilation

stops at mean free path > Hubble length

final ., 1)—11.3 Ty 100 MeV ( ms )
i 5GeV T, 100 GeV
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Natural Gravitino Dark Matter

The abundance of the stau from the S-decay 1, < Tf'

For nio™%(gv) > H

,7";

—s Staus still annihilate

instantaneous annihilation

stops at mean free path > Hubble length

T 100 MeV m=
Qfinalp2 ~ 0.1 / ( - )
4 5GeV T, 100 GeV

/9



Natural Gravitino Dark Matter

BBN constrains from the stau decay

[Feng et.al. hep ph/0404198] [Jedamzik hep-ph/0604251]
o L— _ — s L

a
=
“+
3
©
£
=
ap
g
<
3
=
©
o
m

104 106 210 100 10t 105 10 100 10"
Taisp (sec) without taking into account
stau catalysed processes

lifetime:

(7~' — Té) Tz ~ 6 X 104sec<
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Natural Gravitino Dark Matter

BBN constrains from the stau decay

LFeng et.al. hep-ph/0404198] [Jedamzik hep-ph/0604251]
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Simple Gauge Médiation

Messenger particle (5,5*)
W =kX00,
Spurion (SUSY-, StSY-mass)
(X) = M + 0*F,

mass splitting of messenger bosons

<k2\M|2 kE

At the messenger scale ()M,
a F

Y

Mgaugino =

2 a2
Mgcalar = 202 (E) M




- Simple Gauge Mediation
Effective operator Method [297 Giudice & Rattazzi]
integrating out the messer

(X)W W,  Z(X,XNHQ'Q

10l f(X) (F)
Meaugine = 5 Ta X (X

_— 81nZ(X,XT)‘

)
(F)
(X)

Mscalar = = Oln XOln X7

The solution of f and Z at




- Simple Gauge Mediation
" Effective operator Method [?97 Giudice & Rattazzi]
- integrating out the me
(X)W Wa,  Z(X,XNQ'Q
Around the Messenger scale,
relevant effective terms are;

L X Z(X,X)~1-— g’
(4m)? | (47)?

Co(ln X XT)?

Again, the soft terms are;

F |
mgaugino =~ mgca,lar =~ 202 (47_‘_) M




Neutrino Mass

Wé-can-assign_thetPQ—charge up to B-L symmetry

PQ(Q) = PQ(U) = PQ(D) = PQ(L) = PQ(E) = —1/2
| o or |
POWM) = - 1/3 PQ).=PQ(DI= 2/3
. PQ(L)=-1 -PQE)=0

By using the later assignment, the Majorana
neutrino mass can be write down

o LH I _
= M nr see saw [’79 T.Yanagida]

W



Flectric Dipole Moment

Ocp = Arg(u(Bp) mi e, mypA”) = O(ms/z/m1/2) = 0(107?)

i — (X
£EDM — §d660 B’)@(BFag

g§M2me,u tan 0

327T2m§

SUSY _
d; ~ sin Ocp

’de‘ < 0.7 X 10_260m ~ (0.4 % 10—12Gev—1
1’06 Gabbiani et.al.]

The constraint 1s satisfied for

Msusy > 300 GeV)

\mg/g < 1GeV

J




- Upper bound on the Messenger Mass

The introduction of the messenger interactions results
in the radiative corrections to S direction.

W = kSff

!

4 k2N k2|S|?
V(S) = m? (F\S\Q + log ( 5]

(47)? A2 )) — (2mg3/am*S + h.c.) .

In order the radiative correction not to deStabilize
the SUSY breaking vacuum, we need to require,

peswio () (A
25 1 x 1016 GeV )

—1/2 3
M@m<4xHﬂW%V<E> (———A———>

25 1 x 1016 GeV




Entropy Production from S-decay

The pre-existent quantities such as gravitino abundance
or the baryon asymmetry is diluted by a factor

T4y ( S0

Ty Tr \V/3Mp,

—2
) ’ (TR < Tosc)a
Al ~ ~

 Taom Ty ( |S0|

—2
) ’ (TR > Tosc)-

\ Tosc \/§Mp1

Sp| :Initial amplitude

mg )1/2
400 GeV

T... ~ 0.3 x /Mpimg ~ 8 x 10° GeV x (

the temperature when S starts oscillating

Tdom — min[TRa Tosc] X ( |SO| )2
V3Mpr,

the temperature when 5 0sCl1. dominates the universe




Entropy Production from S-decay

The pre-existent quantities such as gravitino abundance
or the baryon asymmetry is diluted by a factor




Entropy Production from S-decay

The dilution factor of the NLSP 1s given by

A"~ Max[(Ty/Ty)?, Ta/(TaomTy)"?]

Tf ~ mNLSp/QO

Tr < 101%GeV |So| = O(Mgur)

108/
At ~03x1073 [ =—
: (TR )




UV compietion dnd Grand Unification

An example of UV-model
G | &

. (875)°

KE=fifo~0
Cﬁ%m- > cuSTS(HIH, + HIH,)
e ke
A

\ J

'(One—lobplcalculation)

K
Ws = m2S + §SX2 + Mxy XY , 0’Raifeartaigh Model

WHiggS — hH’u,qX - EquX - quq )

(PQ-sym)

Can we make a model which is consistent with GUT?



UV completion and Grand Unification
An example of a GUT consistent UV-model

'_’06.Kitano'SU(S)XSO(G),Product group GUT model

W:mQS—I—méUTT’F[M]—mGUTTT[MM] 4.




-UVicdmpfetion and Grand Unification

| An exqmple'of a GUT consistent UV-model

GUT: SUCS)XSO(H)

e

MSSM: SU(B)X_SU(Z)XU(l)



UV completion and Grand Unification
'Doublet—Triplet Splitting

0’Raifeartaigh Model

W =m?S + SX. X, + Mxy(X.Y + X.Y)

+(Xceqe + chc)ﬁ —I_(ché + XcQE)H+Mq(quE + qCQc‘:)



UV compietion and Grand Unification

W =m?S +SX. X, + Mxy(X.Y +X.Y)

F(XoGe + Xege) H +(XeGe + Xeqa) HH My (qedz + Geqz)

One—100pleffects

\4

- : R
K =95 - -
. f |
¢, SH,H, cSTS(HIH, + H Hy)
4 ( i T - h.c.) - A2




